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(54) Mobile telephone with ear protection means 

(57) The present invention relates to a mobile tele- 
communication means (8) for a wireless telecommuni- 
cation system, comprising an outputting means (9) for 
outputting sound signals, a means (10) for detecting 
sound signals., and a calculating means (11), which is 
connected to the outputting means (9) and the means 
(10) for detecting sound signals, for calculating the dis- 



tance between the mobile telecommunication means (8) 
and an object (6) on the basis of a reflected sound sig- 
nal, which is output by the outputting means (9) and de- 
tected by the means (10) for detecting sound signals. 

The present invention further relates to method for 
controlling the volume of sound signals generated by a 
sound generating means of a mobile telecommunication 
means (8). 
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Description 

[0001] The present invention relates to a mobile tele- 
communication means for a wireless telecommunica- 
tion system, like a mobile telephone or a personal digital 
assistant (PDA) usable for example in the Global Sys- 
tem for Mobile Communication (GSM) or the Universal 
Mobile Telephone System (UMTS), and a method for 
controlling the volume of sound signals generated by a 
sound generating means of a mobile telecommunication 
means. 

[0002] Mobile devices usually have to present differ- 
ent sound generating functions, like speaker function 
close to human's ear, hands-free speaker function, ring- 
er function, alarm function, game sound, etc. Due to the 
nature of this sound generating functions, the respective 
sound signals have to be output with different sound 
pressure levels. E.g. for "normal" speaker mode, the 
acoustic signal (e.g. speech) is output with a low sound 
level, since the speaker of the mobile telephone is held 
next to the user's head and therefore the speaker is 
closely held to the ear of the user. 
[0003] In contrast thereto e.g. ringer signals and the 
sound signals for the hands-free mode (e.g. speech dur- 
ing a telephone call) have to be output with a high sound 
level, since the mobile telephone is usually widely dis- 
tanced (in the dimension of e.g. a few decimetres) from 
the head and the ear, respectively, of the user, when 
such sound signals with a high sound level are output. 
[0004] To protect the ear of a user from hazard by 
acoustic signals which are output with a high sound lev- 
el, it must be ensured that a high-level sound generation 
is positively inhibited when the mobile telephone is 
placed in close distance to the user's ear. 
[0005] To solve this problem, known mobile tele- 
phones comprise separate outputting means for output- 
ting acoustic signals as shown in Fig. 1 . 
[0006] Fig. 1 shows a mobile telephone 1 according 
to the prior art, comprising a normal speaker 2 for out- 
putting acoustic sound signals (like speech) with a low 
sound level when the mobile telephone is held closely 
to the head 6 and the ear 7 of a user. The mobile tele- 
phone 1 further comprises a separate hands-free 
speaker3 for outputting sound signals with a high sound 
level, when the mobile telephone 1 is used in the hands- 
free mode, and a ringer 4 for outputting an acoustic alert 
signal. The voice of the user is detected by a micro- 
phone 5 of the mobile telephone 1 . 
[0007] Thereby, the speaker designed for the normal 
operation mode is arranged at the front side of the mo- 
bile telephone 1 and the outputting means for outputting 
the sound signals with a high sound level, like hands- 
free speaker 3 and ringer 4, are arranged at the back 
side of the mobile telephone 1 . Thus, even when the 
mobile telephone 1 e.g. is operated in hands-free mode 
when holding the mobile telephone 1 (with its front side) 
directly close to the ear 7, the ear 7 is protected from 
injuring, since the sound waves are not directly output 



to the ear 7. 

[0008] However, this solution has the disadvantage 
that there is at least need for one outputting means for 
outputting acoustic signals with a low sound level (nor- 

5 mal speaker 2) and additional outputting means for out- 
putting acoustic signals with a high sound level (hands- 
free speaker 3). Thus, this solution is costly, heavy in 
weight and space consuming. Further arranging the 
hands-free speaker 3 at the backside of the mobile tel- 

'0 ephone 1 is not optimal e.g. when the mobile telephone 
is used in a car held by a car cradle since the mobile 
telephone 1 is usually held by the car cradle with the 
front side directed to the user, and the backside covered 
by the cradle. 

15 [0009] To avoid or reduce some of the disadvantages 
of the described solution, some mobile telephones are 
provided with combined speakers which perform both 
low sound level as well as high sound level acoustic 
functions, e.g. a speaker which outputs acoustic signals 

20 with a normal sound level for using thetelephone direct- 
ly close to the ear as well as acoustic signals with a high 
sound level for using the telephone hands-free. To pro- 
tect the ear of the user from injuring, these mobile tele- 
phones often comprise a switch. This switch is switching 

25 two modes so that, the acoustic signals are either output 
with a high sound level (in the case of a wide distance) 
or with a low sound level (in the case of a close dis- 
tance). 

[0010] This solution has, however, the disadvantage, 
30 that the user has to switch between the two modes by 
himself so that the users ear may still be harmed by mis- 
take. 

[0011 ] It is therefore the object of the present inven- 
tion to provide a mobile telecommunication means for a 
35 wireless telecommunication system, like a mobile tele- 
phone, in which the ear of the user is protected from 
injuring by too high sound pressure levels in a not ex- 
pensive but effective way. 

[0012] The above object is achieved by a mobile tel- 
ecommunication means for a wireless telecommunica- 
tion system according to claim 1 and a method for con- 
trolling the volume of sound signals generated by a 
sound generating means of a mobile telecommunication 
means according to claim 12. 

45 [0013] The mobile telecommunication means for a 
wireless telecommunication system according to the 
present invention comprises an outputting means, i.e. a 
speaker, for outputting sound signals and a means for 
detecting sound signals, e.g. the microphone of the mo- 

50 bile telecommunication means. Further, the mobile tel- 
ecommunication means comprises a calculating 
means, which is connected to the outputting means and 
the means for detecting sound signals, for calculating 
the distance between the mobile telecommunication 

55 means and an object, particularly the head of a user, on 
the basis of a reflected sound signal, which is output by 
the outputting means and detected by the means for de- 
tecting sound signals. 
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[0014] The advantage of the present invention is that 
the calculating of a distance between the mobile tele- 
communication means and the object is easy and cheap 
to implement in mobile telecommunication means as no 
additional elements are necessary apart from those al- 
ready present in mobile telephones. 
[0015] The outputting means is adapted to be operat- 
ed in a first mode for outputting acoustic signals at a low 
sound level and in a second mode for outputting acous- 
tic signals at a high sound level. The outputting means 
(speaker), which is arranged inside the front of the mo- 
bile telecommunication means, provides normal speak- 
er functions, i.e. outputting acoustic signals with a low 
sound level (first mode) for using the mobile telecom- 
munication means when it is held close to the ear, as 
well as functions, which requires a high sound level 
(second mode), e.g. hands-free speaker function, for 
outputting acoustic signals. 

[0016] It is noted, that the terms "low sound level" and 
"high sound level" signify sound levels, which are suit- 
able for carrying out the respective functions, e.g. nor- 
mal and/or hands-free speaker function. Further, the 
term "sound signal" signifies a sonic signal, which could 
be audible as well as inaudibly (e.g. an ultrasonic sig- 
nal). 

[0017] According to the present invention, this speak- 
er is also used for outputting a special generated sound 
signal, which is received by a means for detecting sound 
signals, i.e. the microphone, of the mobile telecommu- 
nication means. On the basis of this sound signal, the 
distance between the mobile telecommunication means 
and the head (and ear, respectively) of an user is calcu- 
lated. 

[001 8] The advantage of the present invention is that 
there is no need for additional expensive and heavy 
components and extra circuitry, which also needs space 
like, e.g, separate speaker for a normal operation and 
hands-free operation and body distance detection unit, 
since the present invention can be realised with compo- 
nents, which are used in mobile telecommunication 
means anyway. Thus, the present invention is cheap 
and easy to implement and it can be hidden in normal 
speaker operation. 

[001 9] Also f u rther, the speaker for outputting acous- 
tic signals for the hands-free function can be placed on 
the front side of the mobile telecommunication means. 
The front side of the mobile telecommunication means 
is the best position for placing the hands-free speaker, 
e.g. when using the mobile telecommunication means 
in a car cradle, whereby the front side of the mobile tel- 
ecommunication means is usually directed to the user. 
[0020] Advantageously, the transmitted detection 
sound signal, which is output by the outputting means 
is an ultrasonic signal like an ultrasonic impulse, there- 
fore, the outputting means has to be adapted to output 
ultrasonic signals and the means for detecting sound 
signals has to be adapted to receive and input ultrasonic 
signals to the mobile telecommunication means. 



4 

[0021 ] The sound level which is output by the output- 
ting means during the operation of the mobile telecom- 
munication means (e.g. speech during a telephone call) 
depends on the calculated distance between the mobile 

5 telecommunication means and the object. Thereby, the 
acoustic signal is output with a high sound level, when 
the mobile telecommunication means is widely dis- 
tanced (e.g. in dimension of a few decimetre) from the 
object, and output with a low sound level, when the mo- 

10 bile telecommunication means is closely distanced to 
the object, i.e. held directly or up to a few centimetres 
to the ear. 

[0022] Thus, it is given an additional safety for a user 
of the mobile telecommunication means, since his or her 
'5 ear is protected from injuring by means of an acciden- 
tally output of acoustic signals of high volume while hold- 
ing the mobile telecommunication means close to his or 
her ear. 

[0023] Further advantageously, the calculating 
means calculates the distance shortly before (e.g. one 
or up to a few seconds) the speaker starts outputting 
acoustic signals (e.g. for carrying out a telephone call). 
[0024] In one embodiment of the present invention, 
the calculating means calculates the distance periodi- 
cally, e.g. every few seconds. 

[0025] The outputting means can provide all acoustic 
output functions, which are necessary for the operation 
of the mobile telecommunication means, e.g. ringer 
function, game sound, alarm bells, etc. additionally to 
the described normal and hands-free speaker function. 
Thus, there is no need for additional outputting means 
for outputting acoustic signals. 
[0026] The calculating means calculates the distance 
between the mobile telecommunication means and the 
object (ear of the user) on the basis of the time difference 
between outputting the sound signal by the outputting 
means and inputting (and receiving, respectively) the 
sound signal by the means for detecting sound signals. 
[0027] The transmission power of the mobile telecom- 
munication means can advantageously be controlled 
depending on the value of the calculated distance be- 
tween the mobile telecommunication means and the ob- 
ject such, that it transmits with a high transmission pow- 
er, when the mobile telecommunication means is widely 
distanced to the object, and with a low transmission 
power, when it is closely distanced to the object. Hereby, 
an impairment of a user of the mobile telecommunica- 
tion means by electromagnetic radiation can be mini- 
mised. 

[0028] Further, the transmission power of the mobile 
telecommunication means is controlled by controlling 
the number of time slots used for the transmission, al- 
lowing a control of the average transmission power with- 
out modifying the absolute value of the transmission 
power. For example, in a multislot system like the Gen- 
eral Packet Radio Service (GPRS), in which the trans- 
mission power depends on the number of timeslots used 
for the connection, an increase in the number of the 
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timeslots used results in an increase of the average 
transmission power, while a reduction in the timeslots 
used e.g. to a simple timeslot results in a decrease of 
the average transmission power. 
[0029] In the following description, a preferred em- 
bodiment of the present invention is explained in more 
detail in relation to the enclosed drawings, in which 

Fig. 1 shows the acoustic functions of a mobile tel- 
ecommunication means according to the prior art, 

Fig. 2 shows the acoustic functions of a mobile tel- 
ecommunication means according to the present in- 
vention, 

Fig. 3 shows a schematic block diagram of a mobile 
telecommunication means according to the present 
invention, and 

Fig. 4, 5a, 5b and 6 show the principle of calculating 
the distance between the mobile telecommunica- 
tion means and an object. 

[0030] Fig. 2 shows a mobile telecommunication 
means 8 (further called mobile telephone 8) according 
to the present invention, comprising outputting means 
(loudspeaker 9, sound generating means) and means 
for detecting sound signals (microphone 10). 
[0031] Thereby, the speaker 9 is a combined device 
for outputting acoustic signals with a low sound level in 
a first mode as well as acoustic signal with a high sound 
level in a second mode. Thus, the speaker is used for 
normal speaker operation, like outputting of speech 
when holding the mobile telephone 8 to the head 6 and 
the ear 7 respectively of a user. The speaker 9 is also 
used for an operation mode requiring a high sound level 
of the output acoustic signals, like hands-free function, 
ringer function, alarm bell, etc. 
[0032] Fig. 3 shows a block diagram of the mobile tel- 
ephone 8 according to the present invention. 
[0033] For carrying out the present invention the mo- 
bile telephone 8 comprises a combined speaker 9, a mi- 
crophone 10 and a calculating means 11 . The calculat- 
ing means is preferably implemented as a separate cir- 
cuitry or as a part of the processing means 1 2 as well 
as a software module. 

[0034] Further, the mobile telephone 8 comprises a 
processing means 12, which can be implemented as a 
separate circuitry or as an integral circuitry combined 
with the calculating means 11, for controlling and 
processing the operation of the mobile telephone 8 and 
an antenna 1 3 connected with a transceiving means 1 4 
for communicating with other mobile telecommunication 
means and/or base stations of the wireless telecommu- 
nication system over an air-interface. 
[0035] The means, which are further necessary for 
the operation of the mobile telephone 8, like operational 
controls, display means, signal processing means, etc. 



are also comprised but not shown for the sake of clarity. 
[0036] According to the present invention, shortly be- 
fore an acoustic operation, which e.g. requires an output 
acoustic signal with a high sound level like ringer or 
5 hands-free signals, the distance between the head of 
the user and the mobile telephone 8 is detected by the 
mobile telephone 8. 

[0037] Therefore, a sound signal is output as a sound 
signal by the loudspeaker 9. This sound signal may be 
10 a pulse, which is output as an ultrasonic pulse by the 
outputting means 9. 

[0038] As shown in Fig. 4, parts of the output sound 
signal are eventually reflected by the head 6 of the user. 
[0039] After reflecting, the ultrasonic echo pulse 
15 (sound signal) is received by the means for detecting 
sound signals (microphone 10 of the mobile telephone 
8) of the mobile telephone 8. Back to Fig.3, after detect- 
ing the sound signal the calculating means 11 calculates 
the distance between the mobile telephone 8 and the 
20 head of the user. 

[0040] As shown in Fig. 5a, the distance is calculated 
on the basis of the time difference (t 2 -t 1 ) between the 
outputting of the sound signal (ultrasonic pulse) and the 
detection of the echo signal. After calculating the dis- 
ss tance, the speaker starts outputting the acoustic signals. 
[0041] Fig. 5b shows a flow chart showing the proce- 
dure of calculating the distance D and setting the output 
sound level on the basis of the time difference At=t 2 -t,. 
[0042] After starting the procedure, the calculating 
30 means pulse starts a timer synchronous to outputting 
the sound signal by a trigger pulse. After detecting the 
echo of the output sound signal, the timer is stopped 
and thetime difference At is calculated by the calculating 
means. On the basis of the time difference At the dis- 
ss tance D is calculated by the calculating means as fol- 
lows: 



40 



whereby is the mean velocity of sound in air. 
[0043] Depending on the calculated distance, the 
acoustic signals are output with the respective sound 
level (set sound level). Thus, if a close object is detected 
45 by the described mechanism, the sound pressure level 
of the speaker 9 will be kept under a certain level, which 
is not dangerous for the human ear, to protect the human 
ear from injuring. 

[0044] The distance between the mobile telephone 8 
so and the head of the user is calculated every time before 
and/or periodically during outputting acoustic signals, 
which require a high sound level, are output. 
[0045] As shown in Fig. 6, the speaker and the micro- 
phone according to the present invention have to fulfil 
55 the following requirements: 

[0046] Both the speaker and the microphone have to 
have the ability to operate in the ultrasonic frequency 
range as well as in the acoustic frequency range. Usu- 
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ally, the ultrasonic frequency range is outside the normal 
operation frequency of the speaker/microphone. This 
can be achieved by an especially designed resonance 
frequency (ultrasonic resonance) of the speaker/micro- 
phone membrane. 

[0047] Further, the speaker has to have the ability to 
output acoustic signals with a low sound level (dBa) as 
well as with a high sound level. 
[0048] The present invention has been explained with 
reference to the application of setting a sound level on 
the basis of the calculated distance. However, the cal- 
culated distance can also be used for controlling other 
functions of the mobile telephone, e.g. the transmitting 
power of the transmitted radio signal, which is transmit- 
ted by the antenna. Thereby, the transmitting power is 
at maximum, when the mobile telephone works in the 
hands-free mode (widely distanced from the head of the 
user), and the transmitting power is reduced, when the 
mobile telephone is held next to the head of the user. 
The average transmitted power in a General Packet Ra- 
dio Service (GPRS) system can e.g. be reduced by re- 
ducing the number of time slots, and increased by in- 
creasing the number of time slots used for the transmis- 
sion. 



Claims 

1 . Mobile telecommunication means (8) for a wireless 
telecommunication system, comprising 

an outputting means (9) for outputting sound sig- 
nals, 

a means (10) for detecting sound signals, and 
a calculating means (11 ,12), which is connected to 
the outputting means (9) and the means (1 0) for de- 
tecting sound signals, for calculating the distance 
between the mobile telecommunication means (8) 
and an object (6) on the basis of a reflected sound 
signal, which is output by the outputting means (9) 
and detected by the means (1 0) for detecting sound 
signals. 

2. Mobile telecommunication means according to 
claim 1 , 

characterised in 

that the outputting means (9) is adapted to be op- 
erated in a first mode for outputting acoustic signals 
at a low sound level and in a second mode for out- 
putting acoustic signals at a high sound level 

3. Mobile telecommunication means (8) according to 
claim 1 , 

characterised in 

that the sound signal is an ultrasonic signal. 

4. Mobile telecommunication means (8) according to 
claim 2, 

characterised in 



8 

that the sound level of acoustic signals, which are 
output by the outputting means (9), depends on the 
calculated distance of the mobile telecommunica- 
tion means (8) to the object (6). 

5 

5. Mobile telecommunication means (8) according to 
claim 4, 

characterised in 

that acoustic signals are output with a high sound 
10 level, when the mobile telecommunication means 
(8) is widely distanced, and output with a low sound 
level, when the mobile telecommunication means 
(8) is closely distanced to the object (6). 

'5 6. Mobile telecommunication means (8) according to 
one of the claims 1 to 5, 
characterised in 

that the calculating means (11, 12) calculates the 
distance shortly before the outputting means (9) 
starts outputting acoustic signals. 

7. Mobile telecommunication means (8) according to 
one of the claims 1 to 6; 
characterised in 

that the calculating means (11, 12) calculates the 
distance periodically. 

8. Mobile telecommunication means (8) according to 
one of the claims 1 to 7, 
characterised in 

that the outputting means (11, 12) provides all 
acoustic output functions, which are necessary for 
the operation of the mobile telecommunication 
means (8). 

9. Mobile telecommunication means (8) according to 
one of the claims 1 to 8, 
characterised in 

that the calculating means (11, 12) calculates the 
distance between the mobile telecommunication 
means (8) and the object (6) on the basis of the time 
difference between outputting the sound signal by 
the outputting means (9) and inputting the sound 
signal by the means (10) for detecting sound sig- 
nals. 

10. Mobile telecommunication means (8) according to 
one of the claims 1 to 9, 
characterised in 

that the mobile telecommunication means (8) 
transmits a radio signal with a high transmission 
power, when the mobile telecommunication means 
(8) is widely distanced to the object (6), and trans- 
mits a radio signal with a low transmission power, 
when the mobile telecommunication means (8) is 
closely distanced to the object (6). 

11. Mobile telecommunication means (8) according to 
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claim 10, 
characterised in 

that the transmission power of the mobile telecom- 
munication means (8) is controlled by controlling 
the number of time slots used for the transmission. 5 

12. Method for controlling the volume of sound signals 
generated by a sound generating means of a mobile 
telecommunication means (8), comprising the steps 

of: to 

calculating the distance between the mobile tel- 
ecommunication means (8) and an object (6) 
on the basis of an sound signal, which is output 
by a sound generating means (9) and detected 15 
by a means (10) for detecting sound signals, 
whereby the sound level of acoustic signals, 
which are output by the sound generating 
means (9), depends on the calculated distance 
of the mobile telecommunication means (8) to 20 
the object (6). 

13. Method according to claim 12, 
characterised in 

that the sound signal is an ultrasonic signal. 25 

14. Method according to claim 12 or 13, 
characterised In 

that sound signals are output with a high sound lev- 
el, when the mobile telecommunication means (8) 30 
is widely distanced, and output with a low sound lev- 
el, when the mobile telecommunication means (8) 
is closely distanced to the object (6). 

15. Method according to claim 12, 13 or 14, 35 
characterised in 

that the distance is calculated shortly before the 
sound generating means (9) starts outputting sound 
signals. 

40 

16. Method according to one of the claims 12 to 15, 
characterised in 

that the sound signal is detected periodically. 

17. Method according to one of the claims 12 to 16, 45 
characterised in 

that the distance is calculated on the basis of the 
time difference between outputting the sound signal 
and detecting the sound signal. 

50 



55 
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